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EXPERIMENTAL STUDY ON THE TIME-DEPENDENTBEHAVIOR OF 
SHORT STEEL-REINFORCED CONCRETE COLUMNS UNDER 
SUSTAINED AXIAL LOADING 
CHEN Zhou-yi , DAI Tang-zhen , LEI Ying , WU Jian-qing , WANG Yang 
(Department of Civil Engineering, Xiamen University, Xiamen 361005, China) 
Abstract:  Steel-reinforced concrete (SRC) columns have been widely used over the past few decades. However, 
very limited research has been conducted on the time-dependent behavior of these columns caused by creep and 
shrinkage under sustained loadings. This paper provides an experimental study on the long-term behavior of short 
SRC columns under sustained axial loadings and their ultimate axial bearing capacity. Long-term axial 
deformation due to shrinkage and creep of the concrete were recorded. Based on test results, time-dependent 
analysis of the SRC columns under sustained axial loadings using the age-adjusted effective modulus method was 
proved to be effective by employing the ACI 209R-92 model for the prediction of shrinkage and the CEB-FIP90 
model for creep. The ultimate strength of the columns after long-term loading was also determined and results 
showed that the axial sustained load had no significant effect upon the axial compressive strength of SRC 
columns. 
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1  试验研究 






160 mm×160 mm，高度为410 mm。试件S1-N0、S1-N1
和S1-N2的钢骨采用80 mm×50 mm×4 mm(宽×高×
腹板和翼缘厚度)的工字型钢，试件S2-N1，S2-N0-1







为 cuf =39.1 MPa，实测弹性模量为 cE =21000 MPa。
柱中的工字型钢骨采用厚度分别为 4 mm和 7.8 mm
的钢板加工而成，4 mm 厚钢板实测屈服强度为
ysF =279 MPa，弹性模量为 sE =204000 MPa，7.8 mm
厚钢板实测屈服强度为 ysF =266 MPa，弹性模量为
sE =205500 MPa。所用直径 12 mm变形钢筋的实测
屈服强度为 yrF =436 MPa，弹性模量为 srE = 
201000 MPa。所用直径 8 mm 光圆钢筋的实测屈服
强度为 yhF =325 MPa，弹性模量为 shE =200000 MPa。 
表 1  试件参数及其轴压承载力 
Table 1  Properties of long-term test specimens and their axial 
load capacity 
试件 S1-N0 S1-N1 S1-N2 S2-N1 S2-N0-1 S2-N0-2
含钢率/(%) 2.7 2.7 2.7 5.0 5.0 5.0 
长期荷载轴压比 0 0.32 0.43 0.31 0 0 
长期荷载持荷时间/d 0 202 202 202 0 0 
u,expN /kN 1136 1080 1271 1163 1238 1336 
u,predN /kN 1063 1063 1063 1196 1196 1196 
u,exp u,pred/N N  1.07 1.02 1.20 0.97 1.03 1.12 
注： u,expN 为轴压承载力试验值， u,predN 为轴压承载力计算值
 
 
图 1  试件截面尺寸 
Fig.1  Cross section of test specimens 




76 工    程    力    学  
 













图 2  长期荷载试验装置 

























图 3  温湿度变化图 
Fig.3  Change of the temperature and humidity during 
sustained load tests 














2  长期荷载试验结果 




















图 4  长期荷载试验变形曲线 
Fig.4  Long-term strains during sustained load tests 








































0τ 施加的初始应力 0σ 所产生的瞬时应变和徐变，
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式中： c 0( )E τ 是 0τ 时刻混凝土的弹性模量； 0( , )tφ τ
是徐变系数； sh ( )tε 是收缩应变； 0( , )tχ τ 为老化系
数用于计算当应力是逐渐增加时的徐变。 
式(1)中，徐变系数 0( , )tφ τ 和收缩应变 sh ( )tε 可
以从2.2.1节中介绍的预测模型得到，老化系数
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图5  试件S2-N1中各部分内力随持荷时间的变化曲线 
Fig.5  Internal axial force variations during sustained load test 
for specimen S2-N1
 













图 6  轴压荷载-应变曲线 
Fig.6  Axial load-deformation response 
ACI 318[21]提出的用于计算钢骨混凝土柱的极
限轴压承载力公式，如下式所示： 
u c c s ys r yr0.85N A f A F A F′= + +       (3) 
式中： cA 为柱中混凝土部分的面积； cf ′为混凝土
抗压强度(此处采用 150 mm×300 mm圆柱体抗压强
度，是由实测的 150 mm 立方体抗压强度乘以一个
转换系数 0.83 得到[15])； sA 为钢骨的面积； ysF 为
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